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ABSTRACT 


In  the  USSR  precast  concrete  integrated  formwork  has  proven  more  economical 
than  conventional  types  of  removable  forms,  but  in  the  US  under  different 
economic  and  geographic  conditions  they  can  be  used  to  economic  advantage 
only  where  their  full  potentialities  can  be  realized.  Advantages  shown  by 
a  study  of  literature  on  their  design,  manufacture,  and  use  are:  /(l) 
Precast  concrete  forms  can  be  denser,  more  resistant  to  erosion  and  corro- 
sion,  less  permeable,  stronger,  and  of  more  uniform  quality  than  cast-in- 
place  concrete,  thereby  improving  concrete  surfaces  subject  to  wetting  and 
weather  and  permitting  a  reduction  of  quality  and  cost  of  interior  con¬ 
crete.  (2)  Elimination  of  form  removal  and  patching  of  form  anchor  holes 
and  surface  defects  reduces  cost.  (3)  Under  freezing  conditions  cast-in- 
place  concrete  is  protected  by  the  forms  and  curing  of  concrete  surfaces 
is  eliminated.  (4)  Construction  joints  are  offset  from  form  joints,  stop¬ 
ping  leakage  and  precluding  need  for  waterstops.  (5)  Bottom  faces  of  slabs 
and  beams  can  be  formed  with  precast  beam  elements,  reducing  support  scaf¬ 
folding  and  cost./  Disadvantages  Include  increased  thickness  of  a  member, 
special  forms  needed  for  blockouts  and  openings,  s  orage  area  needed  for 
the  precast  units,  difficulties  in  handling  and  electing,  and  possible 
voids  behind  facing  slabs.  These  and  other  factors  of  design,  anchor 
systems,  joints,  and  bonding  should  be  studied. 

DESCRIPTORS—  concrete//  *forms/  concrete//  *precast  concrete/  prestressed 
concrete/  reinforced  concrete/  construction/  erection/  *foreign 
construction/  design  criteria/  foreign  design  practices/  joint  fillers/ 
hydraulic  structures/  quality  control/  durability/  permeability/  external 
forces/  fractures/  buildings/  *concrete  structures/  construction  joints/ 
beams/  girders/  Joints/  load  distribution/  loads/  panels/  slabs/  reviews/ 
structural  design/  structural  members 
IDENTIFIERS--  USSR/  integrated  formwork/  facing  slabs 
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FOREWORD 


This  report  is  one  in  a  series  the  Structural  and  Architectural 
Branch  issues  from  time  to  time  to  record  new  technical  advances  in 
structural  analysis.  The  intent  of  the  series  is  to  inform  Bureau 
of  Reclamation  designer*  of  these  techniques  which  may  be  useful  in 
the  design  analysis  of  new  Bureau  structures. 

The  reports  are  reproduced  in  limited  quantities  and  are  made 
available  primarily  for  use  by  members  of  the  Structural  and 
Architectural  Branch,  engineers  of  other  branches  of  the  Division 
of  Design  in  Denver,  and  by  interested  engineers  in  the  Bureau's 
field  offices. 
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INTRODUCTION 


This  report  covers  a  study  of  certain  publications  on  the 
design,  manufacture,  and  use  of  integrated  precast  reinforced  con¬ 
crete  units  as  forms  and  as  protective  facing  for  reinforced  con¬ 
crete  structures,  especially  those  partly  submerged  in  water.  Pre¬ 
cast  concrete  structural  members  are  not  considered  here. 

This  is  the  initial  phase  of  a  study  to  determine  first  the 
economic  feasibility  of  the  use  of  precast  forms  and  second,  if  such 
feasibility  is  proved,  to  develop  a  coordinated  system  for  tno 
utilization  of  precast  concrete  forming  and  facing  units  in  the 
design  and  construction  of  reinforced  concrete  structures.  Dimen¬ 
sions,  unit  stresses,  etc.,  are  given  in  this  report  in  both  the 
metric  and  English  systems,  first  in  the  system  employed  in  the 
source  material  followed  by  the  other  in  parentheses.  The  publica¬ 
tions  reviewed  are  listed  in  the  Bibliogiaphy  at  the  end  of  this 
report  and  are  herein  referred  to  by  reference  letter  only.  The 
subject  nutter  and  scope  of  each  publication  is  as  follows: 

Reference  a.-- A  comprehensive  report  covering  the  development 
of  design,  manufacture,  and  use  of  precast  concrete  elements  in 
tht  construction  of  all  types  of  hydraulic  structures  in  the 
Soviet  Union  and  to  a  limited  extent  in  other  countries.  The 
greater  part  it  devoted  to  precast  concrete  structy  al  members. 
Many  of  the  designs  described  have  not  actually  been  built.  A 
good  set  of  illustrations  and  sketches  is  included  with  the 


report . 


Reference  b.--A  summary  of  Soviet  experience  in  the  use  of 
thin  high-quality  precast  concrete  units  as  protective  shells  or 
facing  for  hydraulic  structures.  Th  book  covers  the  design, 
manufacture,  storage,  and  erection  of  these  units  and  contains 
many  good  illustrations  and  sketches. 

Reference  c.--A  comprehensive  treatise  on  the  design,  con¬ 
struction,  and  erection  of  all  types  of  formwork  utilized  in  the 
construction  of  hydroelectric  developments  in  the  USSR.  Precast 
concrete  formwork  is  only  one  of  the  several  types  discussed. 

Reference  d.--A  brief  review  of  past  experience  in  the  use  of 
precast  slab  forms,  including  that  given  in  Reference  a. 

Included  also  is  a  comparative  cost  study  of  the  construction  of 
a  segment  of  a  typical  lock  chamber  wall  monolith  of  uniform 
cross  section  using  conventional  forms  and  alternate  precast 
concrete  forms  integrated  in  the  structure.  Design  of  the  pre¬ 
cast  slabs  and  the  assumed  method  of  their  erection  is  described. 

Reference  e.--A  treatise  on  the  advantages  to  be  gained  from 
the  use  of  precast  prestressed  form  panels  for  massive  concrete 
work  on  large  projects,  emphasizing  their  use  in  concrete  dams. 
Results  of  load  tests  of  a  slab  constructed  with  precast  pre¬ 
stressed  concrete  slab  forms  and  of  a  rigid  reinforced  concrete 
frame  formed  on  the  inside  and  outside  faces  with  precast  pre¬ 
stressed  concrete  form  slabs  are  described.  These  tests  were 
made  primarily  to  evaluate  the  efficiency  of  the  bond  between 
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the  precast  concrete  and  the  cast- in-place  concrete  in  the  struc¬ 
tures  and  the  effectiveness  of  the  forms  in  acting  as  integral 
parts  of  the  structures. 

ADVANTAGES  OF  PRECAST  FORMS 

Precast  concrete,  under  proper  conditions  of  manufacture  and 
control,  can  be  made  denser,  more  resistant  to  erosion  and  corrosion, 
less  permeable,  stronger,  and  of  more  uniform  quality  than  concrete 
cast  in  place  in  the  field.  These  properties  are  all  necessary  for 
structures  subjected  to  submersion  in  water,  hydraulic  pressures, 
the  erosive  and  corrosive  effects  of  water,  and  to  the  destructive 
effects  of  freezing  and  thawing  cycles.  It  follows  Then  that 
improvement  of  the  quality  of  concrete  in  the  faces  exposed  to  such 
action  will  result  in  lower  maintenance  and  repair  costs  and  longer 
service  life  for  the  structures.  The  use  of  precast  concrete  forma 
could  then  be  assumed  to  give  the  necessary  protection  to  the  struc¬ 
ture  from  water  action  and  allow  a  reduction  in  the  quality  and  thus 
the  cost  of  the  concrete  pi  ,^ed  between  such  forma. 

Utilization  of  precast  concrete  forms  Integrated  into  the  com¬ 
pleted  structure  eliminates  form  removal  with  its  subsequent  patch¬ 
ing  of  form  anchor  holes  and  surface  imperfections  nnd  repair  of 
gravel  pockets  where  mortar  may  have  leaked  out  of  the  fora. 

Use  of  precast  concrete  facing  slab  forms  provides  significant 
protection  from  freezing  to  the  cast-in-place  concrete  and  eliminates 
curing  of  concrete  surfaces  under  freezing  conditions.  Thus,  the 


length  of  the  construction  season  during  which  special  protection 
against  freezing  is  required  can  be  increased  and  winter  protection 
can  be  simpler  and  less  costly. 

Construction  joints  (except  those  designed  for  contraction  or 
expansion  of  the  structure)  in  the  concrete  placed  in  the  forms  are 
offset  from  the  precast  concrete  form  joints,  virtually  eliminating 
the  possibility  of  leakage  through  the  construction  joints  and  pre¬ 
cluding  the  need  for  metal  or  rubber  vaterstops  in  the  joints. 

Such  offsetting  of  joints  may  also  be  considered  to  take  the  place 
of  formed  shear  keys  in  the  joints  except  possibly  where  unusually 
severe  shear  stresses  exist. 

Bottom  horizontal  faces  of  slabs  and  beams  and  the  ceiling 
faces  of  large  openings  in  mass  concrete  sections  can  be  formed  with 
precast  elements  designed  as  beams  supporting  the  weight  of  wet  con¬ 
crete  and  construction  load.,  above.  Thus,  form  support  scaffolding 
can  be  limited  to  perhaps  cne  center  support  or  even  eliminated 
altogether. 

The  time  required  for  construction  can  be  reduced  by  the  use 
of  precast  concrete  integrated  formwork.  Some  factors  affecting 
savings  in  time  are  as  follows: 

1.  All  the  formwork  required  fo»-  a  structure  can  be  manufac¬ 
tured  in  advance  of  concreting,  permitting  greater  flexibility, 
and  continuity  in  concrete  operations.  Delays  in  concreting  due 
to  time  required  for  preliminary  curing  of  concrete  preceding 
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form  removal  and  removal  and  reerection  of  forms  can  be  elim¬ 


inated  . 

2.  Scaffolding,  normally  required  to  support  overhead 
removable  forms,  can  be  partly  or  completely  eliminated,  thus 
saving  the  time  involved  in  its  erection. 

3.  Further  flexibility  and  consequent  savings  in  time  can  be 
realized  by  the  use  of  precast  forms  for  expansion  joint  faces. 
Both  faces  at  the  joint  can  be  formed  thus  permitting  placement 
of  concrete  in  adjacent  blocks  independently  of  each  other. 

A.  Curing  of  formed  concrete  faces  is  eliminated. 

5.  The  quantity  of  building  debris  to  be  removed  from  the 
site  such  as  formwork,  scaffolding  materials,  and  form  bracing 
is  sharply  reduced. 

DISADVANTAGES  OF  PRECAST  FORMS 
A  major  problem  encountered  in  the  use  of  integrated  precast 
concrete  forms  has  been  the  attainment  of  satisfactory  joints 
between  the  form  units-- joints  that  are  sound,  strong,  impermeable, 
and  of  good  appearance,  and  that  do  not  require  an  excess  amount 
of  time  or  labor  to  complete.  Joints  wst  be  especially  well  made 
if  a  low  quality  concrete  is  to  be  used  to  fill  between  the  form 
slabs.  Proper  curing  of  the  joints  requires  special  attention  and 
care. 

A  certain  amount  of  reinforcement  steel  over  and  above  that 
required  for  the  structure  is  required  for  precast  concrete  formwork 
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to  strengthen  the  slabs  to  withstand  handling  stresses,  to  trans¬ 
fer  wet  concrete  loads  to  the  slab  anchors  and  ties,  and  to  anchor 
the  slab  permanently  to  the  cast-in-place  concrete. 

In  some  cases,  the  precast  concrete  slab  is  in  the  tension 
face  of  a  member  and  for  design  purposes  only  provides  an  Increased 
depth  of  cover  over  the  structure  reinforcement,  either  reducing 
the  effective  depth  of  the  member  and  increasing  the  amount  of 
reinforcement  required  or  necessitating  an  increase  in  the  overall 
thickness  or  depth  of  the  member. 

Where  concrete  faces  are  interrupted  by  blockouts,  pipes, 
anchors,  waterstops,  or  other  embedded  material  it  is  necessary  to 
provide  special  precast  form  units.  Maintenance  of  the  imperme¬ 
ability  factor  at  such  locations  presents  a  problem  if  low  quality 
concrete  is  being  placed  In  the  forms. 

To  facilitate  and  speed  up  form  erection,  a  large  storage 
area  for  the  precast  units  is  required  at  the  construction  site, 
and  lack  of  such  storage  can  be  a  serious  handicap  to  the  realiza¬ 
tion  of  the  full  potential  of  the  precast  concrete  form  system  in 
saving  construction  time. 

Special  precautions  must  be  taken  in  handling,  storing,  and 
erecting  precast  forms  to  protect  their  edges  from  damage  and  to 
prevent  cracking  the  units. 

Larger  cranes  or  other  handling  equipment  may  be  required  for 
the  precast  concrete  forms  than  would  be  needed  if  conventional 
removable  forms  were  used. 


6 


Locating  and  filling  voids  that  night  occur  behind  facing 
slabs  is  costly  and  time  consuming.  Careful  placement  of  the  fill 
concrete  in  the  forms  and  a  joint  design  that  prevents  loss  of 
mortar  can  minimize  the  occurrence  of  such  voids. 

ECONOMIC  CONSIDERATIONS 

Based  upon  statements  by  Soviet  engineers  in  their  publica¬ 
tions  and  the  cost  study  described  in  the  U.S.  Army  Corps  of 
Engineers'  report,  it  is  concluded  that  the  cost  of  a  reinforced 
concrete  structure  utilizing  integrated  precast  concrete  forms 
will  generally  be  greater  than  if  the  more  conventional  types  of 
removable  forms  are  used.  It  follows  then  that  if  precast  concrete 
forms  are  to  be  used  to  economic  advantage,  they  must  be  considered 
only  where  their  full  potentialities  can  be  realized.  In  making 
a  study  of  the  proposed  use  of  precast  concrete  forms  for  a  partic¬ 
ular  structure,  the  following  points  should  be  considered: 

1.  Site  characteristics. --In  an  area  with  long  severe 
winters  and  a  short  sutoner  construction  season,  the  amount  of 
work  accomplished  during  the  construction  season  may  be  increased 
by  the  use  of  precast  concrete  forms  manufactured  in  advance. 
Erection  of  the  forms  can  begin  before  the  weather  has  warmed 
enough  to  permit  placing  concrete  without  heating.  Such  a 
system  might  be  more  economical  than  winter  concreting.  Ade¬ 
quate  onsite  storage  for  the  precast  concrete  forms  should  be 
available. 
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2.  Structure  characteristics. --Massive  concrete  sections, 
elements  requiring  exceptionally  high  scaffolding  or  shoring  to 
support  forms,  and  large  numbers  of  identical  form  units  are 
features  favorable  to  the  use  of  precast  concrete  forms. 

3.  Manufacturing  facilities. --The  feasibility  of  using  pre¬ 
cast  concrete  forms  in  small  to  medium  size  structures  is  prob¬ 
ably  dependent  upon  the  availability  of  existing  plants  within 
a  reasonable  haul  distance  from  the  construction  site,  suitable 
for  the  manufacture  of  precast  units.  For  large  structures, 
construction  of  a  plant  for  manufacture  of  the  precast  concrete 
units  at  or  near  the  structure  site  may  be  justified.  Facili¬ 
ties  should  be  provided  to  produce  high  quality  form  units  at 

a  rate  consistent  with  the  requirements  of  the  job.  Plant 
efficiency  has  considerable  bearing  on  the  cost  of  the  units. 

4.  Form  design. --Units  should  be  a3  large  as  practicable 
within  the  limits  of  the  capacities  of  the  usual  handling  equip¬ 
ment  available.  Large  size  units  reduce  handling  costs  and 
reduce  length  of  joints.  The  number  of  different  sizes  of  units 
should  be  kept  to  a  minimum.  Odd-shaped  units  or  units  with 
curved  surfaces  should  be  avoided  except  in  special  cases. 

To  give  the  unit3  needed  strength,  a  certain  amount  of 
reinforcement  is  required.  However,  this  reinforcement  should 
be  held  to  a  minimum. 
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Consideration  should  be  given  to  the  use  of  bean  type 
forms,  thick  slab  panels  containing  structure  reinforcement ,  or 
prestressed  concrete  slab  forms  in  areas  such  as  tension  sides 
of  building  elements.  Here,  conventionally  reinforced  thin 
slab  precast  concrete  forms  nay  increase  » >e  reinforcement  require¬ 
ments  of  the  member  by  reducing  its  effective  depth  without  con¬ 
tributing  materially  to  its  strength. 

The  joints  between  units  should  be  designed  to  reduce  to 
a  minimum  the  work  required  to  finish  the  joint  after  concrete 
placement  in  the  structure.  Forms  should  be  designed  so  that 
high  scaffolding  or  shoring  is  not  required. 

5.  Form  erection. --The  method  of  erecting  and  an:horing  the 
forms  in  place  should  be  developed  to  make  full  use  of  the  main 
structure  reinforcement.  Some  stiffening  of  the  reinforcement 
cage  may  be  required.  Means  should  be  provided  for  easy  and 
rapid  allnement  of  the  precast  units. 

6.  Structure  design. — Where  possible,  due  to  offsetting  of 
facing  joints  and  structure  concrete  construction  joints,  formed 
keys  and  waterstops  in  the  construction  joints  of  hydraulic 
structures  should  be  omitted.  Cast-in-place  concrete  construc¬ 
tion  joints  should  be  sloped  to  a  maximum  slope  of  5  to  1  to 
eliminate  short  vertical  joints. 

In  some  cases,  the  volume  of  cast-in-place  structure  con¬ 
crete  may  be  large  enough  to  realize  an  appreciable  savings  in 
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cement  by  reducing  the  concrete  quality  consistent  with  the 
strength  requirements  to  meet  the  loads  Imposed  on  the  structure. 
Design  of  concrete  structural  elements  should  include  the  effects 
of  the  Integrated  precast  concrete  form  units  *  and  full  advent* 
age  of  their  properties  should  be  taken  wherever  possible. 

Details  cJid  dimensions  of  structures  should  be  proportioned  to 
hold  to  a  minimum  the  number  of  sizes  and  shapes  of  precast 
units  required. 

7.  Other. --Where  time  allowed  for  construction  is  unusually 
short  owing  to  power  commitments  for  hydroelectric  powerplants 
or  to  other  considerations,  it  may  be  worth  additional  cost  to 
utilize  precast  concrete  forms  in  the  construction  to  facilitate 
meeting  the  completion  dates. 

TYPES  OF  UNITS 

Three  general  types  of  precast  concrete  Integrated  form  units 
have  been  developed  for  concrete  structures:  thin  facing  slabs, 
large  panel  facing  slabs,  and  bearing  facing  slabs.  Special  mas¬ 
sive  units  developed  for  concrete  dam  facings  are  not  Included 
here. 

Thin  facing  slabs,  as  used  for  vertical  faces,  are  based  on 
the  principle  that  the  slab  should  be  independent  of  the  structure 
reinforcement  and  as  thin  as  the  required  characteristics  of 
strength,  durability,  and  impermeability  permit.  This  type  of  unit 
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Incorporates  small  welded  truss  beams  and  girders  fabricated  from 
reinforcing  steel  and  partially  embedded  In  the  slab  to  provide 
rigidity  and  prevent  cracking  during  handling  and  erection.  Anchors 
or  ties  taking  the  thrust  of  wet  concrete  against  the  forma  are 
attached  *t  the  Intersections  of  transverse  and  longitudinal  girders. 
These  intersections  also  serve  as  lifting  points  for  the  units. 
Additional  zigzag  bent  bars  and  straight  bars  project  from  the  back 
face  of  the  slab  to  anchor  it  to  the  structure  concrete.  The  rein¬ 
forcement  in  these  slabs  is  of  little  if  any  value  in  resisting  the 
loads  on  the  completed  structure. 

These  units  have  been  constructed  in  sizes  up  to  2.50  meters 
(8.2  feet)  by  5.00  meters  (16.4  feet)  and  thicknesses  from  8  to 
10  centimeters  (3.15  to  3.94  inches).  On  the  basis  of  inspection 
of  2.50-meter  by  5.00-meter  by  8'eentlmeter  slabs  10  years  after 
installation  in  two  developments,  Soviet  Engineers  Molseenko  and 
Sedov  recommend  the  standard  slab  size  be  reduced  to  2.00  meters 
(6.6  feet)  by  4.00  meters  (13.1  feet)  and  the  thickness  increased 
to  10  centimeters  (3.94  inches)  to  reduce  cracking. 

Two  variations  of  reinforcement  for  a  2.50-meter  by  5.00-meter 

by  8-centlmeter  slab,  as  shown  in  Figure  l,*  are  typical  for  thin 

facing  slab  units.  A  reinforcement  beam  consists  of  a  zigzag- 

shaped  bar  with  a  straight  bar  welded  to  each  side  to  fora  a  truss. 

A  girder  is  made  up  of  two  beams  welded  together  at  the  top  chord 

and  spread  apart  at  the  bottom  chord  forming  a  triangular  cross 

^Dimensions  in  thic  figure  end  subsequent  figures  are  given  in 
centimeters  followed  by  English  units  in  parentheses. 
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section.  Zigzag  bars  are  installed  to  anchor  the  slab  to  the 
structure  concrete  and  are  fixed  in  position  by  straight  "erection" 
bars  welded  to  the  tips  or  bend  points.  Beams  stiffen  the  rein* 
forcemeat,  and  girders  cransmit  the  pressure  of  the  wet  concrete 
to  the  ties  to  which  they  are  fixed. 

In  Figure  1(a)  the  longitudinal  reinforcement  consists  of 
3  girders  12  centimeters  (4.72  inches)  high  and  8  zigzag  bars  at 
25-centimeter  (9. 85- inch)  centers  located  between  girders.  Trans¬ 
verse  reinforcement  Includes  2  girders  10.5  centimeters  (4.13 
inches)  high,  4  beams,  and  10  "erection"  bars.  In  some  cases 
6  millimeter-  (0.236-inch)  cable  wire  anchors  were  Installed  in  the 
rear  of  the  slab  to  resist  water  pressure  between  the  slab  and  the 
structure  concrete.  The  reinforcement  shown  in  Figure  1(b)  is 
similar  except  that  flat  parallel  beams  in  pairs  are  used  in  place 
of  the  triangular  section  girders,  bar  size  and  spaclngs  vary,  and 
the  lifting  hook  detail  is  different. 

On  the  basis  of  their  examination  of  Installed  units,  Engineers 
Moiseenko  and  Sedov  recommend  the  addition  of  anchors  around  the 
periphery  of  the  slabs  to  prevent  them  from  becoming  detached  from 
the  structure  concrete  due  to  shearing  stresses  set  up  by  shrinkage. 
The  total  weight  of  the  reinforcement  per  slab  unit  as  shown  in 
Figure  1(a),  not  including  periphery  anchors,  was  65  kilograms 
(143.3  pounds),  equivalent  to  5.2  kilograms  per  square  meter 
(9.6  pounds  per  square  yard).  Other  figures  were  given  ranging 
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from  6.8  to  10  kilograms  per  square  meter  (12.5  to  18.4  pounds  per 
square  yard) . 

Prestressed  reinforcement  in  facing  slabs  would  Increase  the 
water  tightness  of  the  units  and  reduce  or  eliminate  cracking.  It 
might  also  permit  a  reduction  of  slab  thickness  and  stiffening 
reinforcement.  One  design  prepared  by  Gidroproyekt  for  a  prestres¬ 
sed  slab  2.00  meters  (6.6  feet)  by  4  00  meters  (13.1  feet)  by 
6  centimeters  (2.36  inches)  thick  (Figure  2)  showed  an  estimated 
cost  Increase  of  25  percent  over  the  previously  described  thin 
slabs. 

Thin  facing  slabs  are  set  in  position,  using  lifting  hooks 
attached  to  the  girders  or  beams  (see  Figure  1),  after  the  struc¬ 
ture  reinforcement  is  placed.  The  slabs  are  then  tied  to  the  rein¬ 
forcement  which  may  require  special  bracing  to  support  the  forms. 
Following  this,  steel  rods  are  connected  to  the  girder  intersec¬ 
tions  of  opposing  slabs  to  resist  the  lateral  pressure  of  fresh 
concrete.  Welded  connections  are  often  used  as  they  provide  easy 
adjustment  of  the  tic  length  and  uniform  tension  in  the  ties. 

Threaded  or  wedged  connections  arc  also  used.  See  Figure  3. 

Usually  one  tie  per  square  neter  (10.8  square  feet)  of  face  area  if 
provided  with  the  end  ties  not  more  than  33  centimeters  (13.8  inches) 
from  the  edge  of  a  slab.  Ties  are  set  normal  to  the  faces  to  avoid 
longitudinal  stresses  in  the  facing.  Where  opposing  faces  are  too 
far  apart  for  connecring  ties,  diagonal  ties  to  anchors  in  previously 
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placed  concrete  may  be  used.  If  thin  forms  are  to  be  used  for  hori¬ 
zontal  surfaces  they  must  be  supported  on  scaffolding  or  suspended 
from  special  beams  or  girders. 

Large  panel  facing  slabs  are  precast  reinforced  concrete  slabs 
of  sufficient  thickness  and  strength  to  carry  loads  between  sup¬ 
ports  without  the  need  for  any  external  trusswork.  The  structure 
einiorcement  in  whole  or  in  nart  is  placed  in  the  slab  thus  acting 
to  strengthen  the  slab  to  withstand  handling  and  erection  loads 
and  to  reinforce  the  completed  structure.  For  vertical  face  slabs, 
the  horizontal  reinforcement  of  Lhe  building  may  be  incorporated 
in  the  slab  and  the  vertical  reinforcement  tied  to  the  inner  face 
oi  the  slab  before  or  after  erection  (Figure  4).  The  usual  rein¬ 
forcement  for  anchoring  the  slab  to  the  structure  concrete  is 
required.  Note  in  Figure  4  c'ne  reduced  thickness  of  the  ends  of 
the  slab,  providing  for  splicing  of  the  projecting  horizontal 
structure  reinforcement  without  leaving  a  wide  gap  between  forms. 

Form  panels  are  supported  by  and  anchored  in  position  to  pre¬ 
cast  concrete  frames  extending  normal  to  the  panels  (Figure  5). 

Those  frames  take  the  thrust  due  to  the  pressure  of  fresh  concrete 
on  the  forms  and  can  be  utilized  to  support  trestlework  for  con- 
cn  te  placing  equipment.  The  slabs  are  designed  as  continuous  beams 
supported  by  the  frames.  The  slab  and  installation  shown  in  Figures  4 
and  5  represent  designs  proposed  but  not  actually  constructed.  Some 
smaller  slabs  of  this  type  have  been  used  in  construction. 
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SUPPORT  FRAMES  FOR  LAROE  PANEL  FACING  SLABS 


Although  large  panel  facing  slabs  are  heavier  than  thin  facing 
slabs,  their  design  permits  a  savings  in  reinforcement  steel  and  a 
savings  in  the  time  required  for  placing  and  tying  structure  rein¬ 
forcement  and  for  erecting  forms. 

Other  large  structural  panels  reinforced  with  prestressed 
steel,  in  one  or  both  directions,  have  been  designed  and  con¬ 
structed.  They  contain  only  part  or  none  of  the  main  structure 
reinforcement.  They  consist  of  a  thin  face  with  integral  concrete 
ribs  in  one  or  both  directions  extending  from  the  back.  A  pro¬ 
posed  design  of  a  prestressed  ribbed  slab  7.50  meters  (24.6  feet) 
long  by  3.00  meters  (9.84  feet)  wide  with  ribs  spaced  at  50-centimeter 
(19.7-inch)  centers  each  way  is  shown  in  Figure  6.  It  was  planned 
to  construct  these  slabs  by  the  method  of  continuous  prestressed 
reinforcement. 

Bearing  facing  slabs  are  long-span  self-supporting  units  gen¬ 
erally  used  for  forming  horizontal  surfaces.  They  are  designed  to 
reduce  or  eliminate  the  need  for  supporting  shoring.  Several  types 
have  been  constructed  including: 

Structural  slabs  for  spans  of  4.00  meters  (13.1  feet)  to 
5.00  meters  (16.4  feet)  without  shoring  and  for  logger  spans 
with  intermediate  supports. 

Thin  slab  and  reinforcing  steel  truss  combinations  with  the 
slab  either  suspended  from  the  truss  or  cas*.  as  an  Integral 
part  of  the  t’-uss  bottom  chord. 
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Concrete  beams  in  the  form  of  inverted  tee  beams ,  multiple- tee 
beams,  or  ribbed  slabs  (see  Figures  7  and  8).  These  have  been 
constructed  for  spans  of  up  to  12  meters  (39.4  feet).  Prestres¬ 
sed  reinforcement  should  be  of  particular  advantage  in  beam-type 
forms  in  eliminating  tensile  stresses  in  the  thin  facing  flange 
of  the  tee  sections.  Beams  and  thin  slab  units  may  be  designed 
to  fort*',  single  curvature  surfaces,  as  shown  in  Figure  9. 

STRUCTURAL  DESIGN 

The  structural  design  of  precast  concrete  forma  follows  cur¬ 
rently  accepted  methods  of  design  and  analysis  for  slabs  and  beams. 
Thin  facing  slabs  have  usually  been  designed  as  unreinforced  slabs 
supported  by  ties  spaced  on  approximately  1.00-meter  (3. 3- foot) 
centers  each  way.  One  design  Incorporated  transverse  reinforcement 
in  the  slab  permitting  the  transverse  spacing  of  the  ties  to  be 
twice  that  of  the  longitudinal  spacing.  (See  Figure  10.)  Another 
design  also  included  longitudinal  reinforcement  in  the  slab, 
further  reducing  the  number  of  ties.  Designs  have  also  been  pre¬ 
pared  utilizing  prestressed  reinforcing  in  thin  facing  slabs  to 
reduce  cracking  and  permit  a  reduction  in  thickness. 

Large  panel  facing  slabs  are  designed  as  continuous  beams 
supported  at  regular  intervals  by  rigid  cross  members.  Structural 
design  and  analysis  of  various  types  of  bearing  facing  slabs 
should  utilize  for  each  type  the  method  most  suited  to  its  con¬ 
formation  and  support  system. 
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Allowable  unit  tensile  stresses  in  the  concrete  of  14  to  20  kilogram 
per  square  centimeter  (203  to  285  poinds  per  square  inch),  minimum 
concrete  strength  (f^,)  of  250  kilograms  per  square  centimeter 
(3,560  pounds  per  square  inch),  and  ultimate  steel  strength  of 
2,850  kilograms  per  square  centimeter  (40,500  pounds  per  square 
inch)  were  useu  in  typical  designs  by  Soviet  engineers.  Loads  on 
precast  concrete  forms  are  of  twe  types:  those  due  to  removal  of 
the  units  from  the  forms,  transporting  and  handling,  and  erection 
in  the  structure,  and  those  due  to  concrete  placing  operations  and 
plant  operation. 

The  first  type  involves  the  dead  weight  of  the  units  under 
various  support,  conditions  such  as  when  the  units  arc  suspended  by 
lifting  hooks  or  supported  on  one  edge.  The  second  type  includes 
the  lateral  presTure  of  vef  concrete,  2  to  2.6  metric  tons  per 
squar-  meter  (410  to  53u  pounds  per  square  foot) ,  dynamic  loads 
incurred  during  placing  of  concrete,  stresses  due  to  shrinkage  of 
the  structure  concrete  and  changes  in  temperature,  and  hydrostacic 
pressure  between  the  slab  and  the  structure  concrete.  ? gchcr c  con¬ 
necting  facing  slabs  and  structure  concrete  have  beta  designed  for 
hydrostatic  pressures  resulting  from  hydraulic  heads  as  high  as 
20  meters  (65.6  feet)  with  no  allowance  oeing  made  for  the  bond 
between  the  two.  However,  in  tests  conducted  by  Soviet  engineers 
it  was  determined  that  the  bond  between  the  .slab  and  the  structure 


concrete  exceeded  the  possible  hydrostatic  pressure  in  the  joint  by 


2.5  to  4  times.  Further,  examination  of  facing  slabs  installed  in 
certain  Soviet  plants  in  1949-50  established  that  the  bond  in 
the  joint  was  stronger  than  that  between  the  particles  of  the  struc¬ 
ture  concrete.  In  this  case  spalling  of  the  slabs  due  to  hydro¬ 
static  pressure  could  occur  due  to  failure  of  the  fill  concrete 
regardless  of  the  total  cross  section  of  the  reinforcement  bars  in 
the  joint.  Apparently  this  structure  concrete  was  of  very  poor 
quality. 

In  some  instances,  it  might  bi  necessary  also  to  design  units 
to  support  scaffolding  and  concrete  transporting  equipment. 

BOND 

To  realize  maximum  benefit  for  the  life  of  the  structure  from 
precast  concrete  facing  forms,  it  is  essential  that  the  bond 
between  the  precast  units  and  the  structure  concrete  be  as  effi¬ 
cient  as  possible.  This  is  accomplished  by  special  treatment  of 
the  joint  face,  by  providing  anchor  bars  extending  across  the 
joint,  and  by  care  in  placing  the  structure  concrete.  In  the  USSR, 
surface  treatment  consists  of  spreading  stone  chips  on  the  contact 
face  before  completion  of  vibration  during  the  manufacturing 
process  or  of  sandblasting  the  contact  face  after  manufacture. 

For  one  job  in  Austria,  where  the  contact  surface  was  formed,  the 
form  was  coated  with  a  special  retarder  before  concrete  placement. 
After  24  hours  the  form  was  removed  and  the  slab  face  was  subjected 
to  an  air-water  jet  creating  a  rough  surface.  Test  cores  taken 
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from  these  units  after  construction  was  completed  showed  the 
resultant  bond  with  the  structure  concrete  to  be  excellent. 

Bureau  of  Reclamation  tests  were  made  of  a  concrete  frame 
formed  with  5.08-centimeter  (2-inch-thick)  precast  slabs.  The 
joint  face  of  the  slabs  was  given  a  minimum  amount  of  finishiu^ 
with  no  special  treatment.  The  surface  was  relatively  true  of 
laitance  due  to  the  stiff  consistency  of  the  mix.  Lifting,  hooks 
embedded  in  the  slabs  served  also  as  shear  connectors.  The  b<  id 
between  the  precast  slab  and  the  cast-in-place  concrete,  barsd  on 
loading  tests  of  the  frame,  proved  to  be  very  good.  Similar 
experiments  conducted  in  the  USSR  indicate  the  zigzag  bars  across 
the  joint  between  the  precast  slabs  and  the  structure  concrete 
strengthen  the  bond  in  the  joint  by  60  percent,  or  more. 

In  Russia,  after  construction  is  completed,  facing  slabs  are 
tested  by  tapping  for  the  presence  of  cavities  in  the  structure 
concrete.  One  specifications  calls  for  grouting  a  cavity  on  the 
water  side  of  the  structure  if  its  face  area  is  greater  than 
0.1  square  meter  (1.08  square  feet).  Grouting  is  accomplished  at 
pressures  of  3  to  4  atmospheres  (44  to  59  pounds  per  square  inch). 

JOINTS 

The  most  common  system  employed  in  the  USSR  for  forming  and 
finishing  joints  between  precast  concrete  corm  slabs  involves  first 
the  placement  of  wooden  strips  around  the  edges  of  the  slab  during 
manufacture.  These  frames  remain  on  the  unit  until  after  the 


29 


structure  concrete  is  placed  in  the  erected  forms  and  has  set, 
giving  protection  to  the  slab  edges  during  handling  and  erection 
operations  and  forming  a  joint  between  the  units.  One  month  or 
more  after  placement  of  the  structure  concrete,  the  wooden  strips 
are  removed  by  digging  or  pulling  out  with  special  tools;  the 
joints  are  then  filled  with  mortar.  For  typical  details  of  joints 
so  constructed  see  Figure  11. 

Engineers  Moiseenko  and  Sedov  inspected  some  plants  utilizing 
the  above  joint  system  10  years  after  construction  and  observed 
many  faults  and  failures  of  the  joint  mortar  due  in  part  to  faulty 
installation  and  Inadequate  curing.  They  concluded  and  recommended 
that  future  joints  be  filled  w'th  the  same  concrete  used  to  fill 
the  block  at  the  same  time  the  block  Itself  is  filled.  Wooden 
frames  would  be  removed  from  the  units  before  erection.  They 
specified  a  joint  5  centimeters  (1.97  inches)  wide  covered  with 
reuseable  wooden  forms  15  by  20  centimeters  (5.9  by  7.87  inches) 
in  cross  section  to  which  are  fixed  ties  to  hold  the  forms  in  place. 
(See  Figure  12.) 

Other  systems  have  been  proposed  but  none  provides  a  staple, 
sure  method  of  obtaining  a  strong  watertight  Joint  with  structure 
concrete  when  placing  it  in  the  structure.  Aggregate  is  generally 
too  large  to  fill  the  joint  in  a  satisfactory  manner. 

In  construction  of  Big  Muehldorf  Lake  Dam  in  Austria,  form 
panels  were  lap  jointed  with  each  other  on  all  sides.  The  inner 
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PROPOSEO  FORMING  SYSTEM  FOR  JOINTS  FILLED  WITH  STRUCTU 


half  of  the  joint  was  carefully  filled  with  mastic  prior  to  placing 
the  dam  concrete.  The  exterior  portion  of  the  joint  was  filled  at 
a  later  time.  Block  joints  in  the  dam  were  sealed  with  6.4- 
centimeter  (2-1/2-inch)  by  1-centimeter  (0.4-inch)  strips  of  foam 
rubber  saturated  with  bitumen  and  later  grouted. 

MANUFACTURE 

For  economical  production  and  good  quality  control,  a  well 
designed  plant  furnished  with  good  equipment  of  the  proper  type 
and  capacities  is  necessary.  The  plant  may  be  an  open  air  plant 
or  an  indoor  plant  or  a  combination  of  the  two  depending  upon  the 
climate,  the  degree  of  permanence,  and  the  required  capacity. 
Reference  b  gives  a  very  good  description  and  discussion  of  these 
plants. 

The  basic  requirements  in  the  USSR  for  concrete  used  in  the 
manufacture  of  precast  facing  slab  forms,  as  outlined  in 
Reference  b,  are  as  follows: 

Minimum  concrete  strength. --Compressive  strength  as  determined 
by  tests  of  standard  20-  by  20-centimeter  (7.8-  by  7.8-inch) 
cubes  should  be  250  kilograms  per  square  centimeter  (3,560  pounds 
per  square  inch) . 

Watertightness. --A  concrete  cylinder  15  centimeters  (5.91  inches) 
high  by  1.5  centimeters  (t  .591  inch)  in  diameter  should  resist 
a  water  pressure  of  8  kilograms  per  square  centimeter  (114  pounds 
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per  square  inch)  for  28  days  without  sign  of  percolation  through 
the  specimen. 

Frost  resistance . --Concrete  units  should  be  able  to  withstand 
300  freezing  and  thawing  cycles  while  in  a  state  of  complete 
water  saturation. 

Cement. --Portland  pozzolan  cement  should  be  added  to  the  concrete 
mix  at  the  rate  of  400  kilograms  per  cubic  meter  (1.79  barrels 
per  cubic  yard) . 

Water-cement  ratio. — 0.45. 

Consistency  of  mix. --Cone  slump  of  2  to  3  centimeters  (0.79  to 
1.18  inches). 


C0W1ENTS 

It  would  appear  that  the  interest  and  the  development  of  the 
use  of  precast  concrete  fontwork  in  che  Soviet  Union  could  be  attri¬ 
buted  in  part  to  the  inability  to  produce  concrete  on  the  jobsites 
of  a  quality  adequate  to  meet  the  requirements  of  hydraulic  struc¬ 
tures.  Only  with  the  control  possible,  though  not  always  attained, 
in  manufacturing  plant  procedures  do  the  Soviets  produce  concrete 
of  adequate  quality.  Their  use  of  precast  forms  is  also  influenced 
by  the  fact  that  although  they  export  large  quantities  of  timber 
they  seem  to  be  very  frugal  in  its  use  at  home,  probably  because  of 
its  high  value  in  foreign  currency.  Steel  for  formwork  is  also 


34 


relatively  quite  expensive  compared  to  timber  or  concrete.  As  the 
Soviet  conception  of  economics  and  the  variation  of  the  relative 
values  of  labor,  equipment,  and  materials  in  their  country  differ 
from  those  in  the  United  States,  we  cannot  necessarily  accept  that 
their  conclusions  as  to  the  economy  of  using  precast  concrete  forms 
rather  than  removable  forma  would  apply  in  the  United  States. 

Some  Instances  are  given  of  projects  constructed  in  the  Soviet 
Union  where  considerable  construction  time  was  saved  in  parts  of 
the  works  by  tse  use  of  precast  concrete  forms  rather  than  removable 
formwork.  In  many  if  not  most  of  the  other  projects  utilizing  pre¬ 
cast  concrete  forms,  other  factors  prevented  the  realization  of  any 
savings  in  construction  time.  We  cannot  assume  that  we  would 
realize  the  same  potential  savings  in  time  as  the  Soviets,  as  we 
do  not  know  their  degree  of  efficiency  in  the  use  of  conventional 
removable  formwork  or  the  nature  of  other  factors  that  may  affect 
the  magnitude  of  their  time  savings. 

CONCLUSIONS  AND  RECOMMENDATIONS 

Assuming  that  the  quality  of  concrete  in  reinforced  concrete 
structures  constructed  in  the  United  States  using  conventional 
removable  formwork  is  such  as  to  satisfy  the  requirements  of  strength, 
durability,  and  watertightness,  it  follows  that  the  basis  for 
determining  whether  or  not  to  utilize  integrated  precast  concrete 
rorms  in  such  construction  must  be  economic.  The  exception  would 
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possibly  be  where  time  would  be  a  major  factor,  such  as  in  a  loca¬ 
tion  subject  to  long,  severe  winters  and  a  short  construction 
season. 

Before  preparing  cost  estimates  to  determine  if,  where,  and 
when  integrated  precast  concrete  forms  units  can  be  economically 
justified,  the  following  items  should  be  considered: 

1.  The  parts  or  elements  of  the  structure  most  adaptable 

to  construction  using  precast  concrete  forms 

2.  The  types  af  form  units  best  suited  for  the  various 

parts  of  the  structures 

3.  Development  of  designs  and  installation  details  for 

fora  units  to  give  minimum  production  and  erection 
costa  consistent  with  their  functional  requirements 

4.  Investigation  of  the  possibilities  of  reducing  the 

quality  of  the  structure  concrete  placed  in  the 
erected  formwork 

5.  The  minimum  size  of  structure  or  the  minimum  number 

of  form  units  for  economical  form  unit  production 

6.  Reduction  or  elimination  of  special  form  handling 

equipment  not  otherwise  required  for  construction 

7.  Structure  modifications  to  reduce  number  of  odd 

shapes  and  sizes  of  form  units 

8.  Possibility  of  elimination  of  waterstops  and 

keyways  In  construction  joints 
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9.  Reduction  of  total  area  of  construction  joints  by  taking 
full  advantage  of  the  flexibility  of  construction 
joints  gained  by  the  use  of  precast  concrete  forms 
In  addition  there  is  need  for  further  research  and  testing  of 
various  anchor  systems  and  methods  of  preparing  the  inside  faces 
of  form  units  to  determine  the  simplest  and  most  economical  methods 
of  obtaining  adequate  bond  between  the  facing  slabs  and  the  cast- 


in-place  concrete. 
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JOKVTRSIOV  r.V'TORS— MtlVJSH  TO  ICTRI C  WITS  Of  l*4Sl*l»r*T 
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Taatlrg  ard  Mat-rial*  jLSTW  Mr». ric  »r*ctlce  >ud*,  January  l'*>4 1  except  that  additional  factor*  (*/  otmmCDlf  ’t**o  lr 
th*  Bureau  bare  fe*s  edd*d.  fu rtber  diacueelor  of  definition*  of  (.uertltl**  and  unite  1*  flrar  ar*  pefee  lo-ll  of  tba 
ASTV  Metric  Practice  Ouide. 


Tbe  eetrlc  units  md  'a»*r«ior.  factor*  adoptad  by  th*  ASW  ar*  based  an  the  "Irtametloaiai  iy *1 M  of  Vr-lte"  (designated 
Zi  tar  %it«i  tr.ter.etlonel  d'cnlteei,  fixed  by  iM  Interretla rel  COMllt*#  for  laigfct*  tod  Measure#,  this  ayatau  ft 
•lac  items  aa  the  Giorgl  or  MtSA  (**ter-Xilagr*e  .a***  -MaJ-Mptn  *yrt*e.  TMa  ayste*  baa  bear.  adopt  ad  tv  tba 
International  Jrgeniaatlor,  for  Stejderdlaetior,  lr.  ISC  taconnrdatlor  *-31 . 

The  mrtric  technical  unit  of  or  la  tba  Xllograb  forca,  thia  la  tba  faroa  ableb,  abar.  applied  to  a  body  barirg  a 
aaaa  of  1  tt,  glva*  It  ar  arsal  .atior  of  9.*j6<>3  ^aac/aac,  tba  etarderd  acceleration  of  fraa  fall  toward  tba  aarto'a 
samrr  for  aaa  la**;  at  43  dea  latitude.  Tba  aartric  unit  of  forca  lr.  SI  unita  la  t fa  (Ni,  ahlch  la  defined  aa 

Ua;  ;ore'  ableb,  aba:  app..«d  to  a  bod>  baring  a  aaaa  of  1  *g,  glraa  It  ar.  acealaratioi.  oi  1  a  aa«v  aac  .  rbaa*  jJ  to 
auat  ba  di#Ur<ui*b#d  frea  tba  It  ooMtart !  local  »*l«bt  of  a  body  barlrg  a  aaaa  of  1  kg,  that  la,  tba  ael*tt  of  a 
bedy  la  that  fore*  with  atleb  a  body  la  attraetad  to  tba  earth  a id  la  equal  to  tba  aaaa  of  a  body  aultlpllad  by  tba 
acealaratioi  d-ia  to  grarlty.  noaavt-,  because  It  la  jarara.  praetlca  to  uaa  'pound'  ratbar  then  tba  technically 
mrract  tara  pound-f area,"  tba  tara  XU  ogre*’  (or  darlrad  aaa  urit,  baa  bear  uaad  lr  thia  guide  lnetaad  of  'Xiiograa- 
forea"  lr  expressing  tba  sor.raralor.  f  actor#  for  i  arc  a  a .  Tba  reader,  urit  of  forca  all!  "d  Increasing  uaa,  and  la 
acaattlal  lr  SI  unit*. 
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